A recent article by Little et al. (Am J Epidemiol 1994; 140:544-54) reported that infants in Seattle, Washington, who were breastfed by mothers who smoked gained more weight than either infants who were breastfed by mothers who did not smoke or infants who were bottle-fed by mothers who smoked. In this study, the authors aimed to verify this result with the use of data from the Social Medical Survey of Children Attending Child Health Clinics (SMOCC) cohort, a nationally representative cohort of 2,151 children born in the Netherlands in [1988][1989]. During the first year of life, data on type of milk feeding, weight, length, and head circumference were collected at 1, 2, 3, 6, 9, and 12 months of age. Infants of smokers who were mainly breastfed in the first 3 months of life (n = 117) were compared with similarly breastfed infants of nonsmokers (n = 572), with infants of smokers who had been mainly bottle-fed (n = 270), and with infants of nonsmokers who had been mainly bottle-fed (n = 535). The authors failed to observe any additional increase in body mass, length, or head circumference in infants of breastfeeding smokers compared with infants of the three other groups. When the authors used all of their data to study growth with a multivariate longitudinal regression model (general estimating equations (GEE) model), the data showed clearly reduced growth in breastfed children (limited to the period after the second month of life) and some "catch-up" growth in body mass and head circumference in children with intrauterine exposure to tobacco. Am J Epidemiol 1998;147:117-26. birth weight; body height; body weight; breast feeding; infant nutrition; prenatal exposure delayed effects; prospective studies; smoking A recent article in this Journal by Little et al. (1) reported that infants in Seattle, Washington, who were breastfed by mothers who smoked gained more weight in the first year of life than either infants who were breastfed by mothers who did not smoke or bottle-fed infants of mothers who smoked. Little et al. provided several possible explanations for their findings. First, the milk composition of mothers who smoke is different from that of mothers who do not smoke. Second, mothers who smoke are less able to maintain milk supply, and thus might introduce solid foods earlier. Third, weaning implies withdrawal of nicotine from the child, which might make the child more hungry or more fussy, to which mothers react by giving more solid food. Alternatively, nicotine withdrawal might decrease energy expenditure, increasing the weight,
A recent article in this Journal by Little et al. (1) reported that infants in Seattle, Washington, who were breastfed by mothers who smoked gained more weight in the first year of life than either infants who were breastfed by mothers who did not smoke or bottle-fed infants of mothers who smoked. Little et al. provided several possible explanations for their findings. First, the milk composition of mothers who smoke is different from that of mothers who do not smoke. Second, mothers who smoke are less able to maintain milk supply, and thus might introduce solid foods earlier.
Third, weaning implies withdrawal of nicotine from the child, which might make the child more hungry or more fussy, to which mothers react by giving more solid food. Alternatively, nicotine withdrawal might decrease energy expenditure, increasing the weight, similar to the weight gain seen in adults who quit smoking (2) . However, the authors noted that the result could also be a chance finding because such an association has not been reported before and only speculative explanations are available. In this study, we aimed to verify this finding with the use of data from the Social Medical Survey of Children Attending Child Health Clinics (SMOCC) cohort, in a 2-year longitudinal study of a cohort of 2,151 children born in the catchment areas of 21 child health clinics in the Netherlands (3) . The data from this cohort not only allowed us to see whether the effect found by Little et al. is observed in a less selected population, but also to see whether the extra growth is seen during breastfeeding (as expected when milk composition would cause the extra growth) or after weaning (as expected when nicotine withdrawal is the cause).
MATERIALS AND METHODS

Study design
The initial SMOCC study cohort (n = 2,151) included all infants who were live born in the period April 1988 to October 1989 to mothers who, at the time of birth, were living in the geographically defined catchment areas of 21 child health clinics in several parts of the Netherlands. This sample is representative for the Dutch population with respect to the distribution of age and parity and-although to a lesser degree-educational level of the mothers (3) . The recording of background data took place within an average period of 3 weeks after birth during a routine home visit by the district nurses of the participating child health clinic; 97.3 percent of the cohort participated in this stage of the study. The most frequent reasons for nonparticipation were refusal, no interest, preventive medical check-ups elsewhere (mostly by the family's general physician), and moving house. For 56 percent of the nonparticipants, birth weight was available, and their mean birth weights were higher than those of the participants {p -0.03). Measurements of weight, length, and head circumference have been taken during visits to the child health clinics at the mean ages of 1, 2, 3, 6, 9, 12, 15, 18, and 24 months. Because Little et al. (1) studied growth in the first year, in this study we only used the data from the home visit and the first 6 visits to the child health clinic. The growth in length and weight from birth to 2 years of age of this cohort was published by Herngreen et al. (4) .
Data collection
All coworkers of the participating child health clinics were instructed to measure weight, length, and head circumference according to the protocol of the 1980 nationwide growth survey (5) in the Netherlands. Weight was measured with a baby scale calibrated in dkg; length was measured in supine position on a measuring board and recorded in cm and mm; head circumference was measured with a measuring tape and recorded in cm and mm. At these visits, the type of milk feeding the infant received was recorded (breast, infant formula, cow's milk, or other). At all visits except that at 2 months, the parent was further interviewed. In the interview, the parent was asked for the number of cigarettes smoked daily by the person who cared for the child most of the time and whether there were other smokers in the household. In the Netherlands, the person who cares for the child most of the time is almost always the mother, especially when the child is breastfed. We used the number of cigarettes smoked by the daily carer to estimate the exposure to tobacco by-products through breast milk.
From the background data collected at the home visit, the following variables were used in this study: highest attained formal educational level of the parents, ethnic descent of the parents, family type (single or two parent family), type of health insurance, smoking during pregnancy (number of cigarettes smoked per day), alcohol use during pregnancy (number of glasses of alcohol consumed per week), type or types of milk feeding received from birth until that moment, body height of the mother, birth weight, length at birth, and head circumference at birth, mother's age at delivery, parity (number of live births and stillbirths after a gestation of S23 weeks including the index child), number of fetal losses (number of pregnancies that ended before a gestation of 23 weeks), and gestational age. Gestational age is based on the first day of the last menstrual period. When this date was unknown or unreliable, gestational age was based on obstetric clinical assessment.
Subjects included in the present study
We analyzed the data from the SMOCC study in two ways: in a manner as similar as possible to the analyses presented by Little et al. (1) and by using general estimating equations (GEE) (6) . In these two analyses, we used different subpopulations of the SMOCC cohort.
To compare our findings with those of Little et al. (1), we defined three subgroups similar to the three groups used in their study, adding a fourth group of children of mothers who did not smoke that were mainly bottle-fed. These subgroups were taken from the 1,823 children who had their weight measured around 12 months of age, 84.8 percent of the original cohort. The mothers who did not visit the child health clinic around 12 months differed from participants by being younger, shorter, less well educated, more often single, and to be more likely of non-Dutch origin and smokers, while their children were more often born premature and had a lower birth weight for gestational age. Based on data from the first 3 months only and using the description of the study by Little et al. in references 1 and 6, the following four groups were defined:
1. Children of (long-term) breastfeeding mothers who smoked. The mother was considered to smoke when it was reported that the person who cared for the baby most of the time smoked at either 1 or 3 months. Long-term breastfeeding was defined as breastfeeding at all four measurement times in the first 3 months (first week, 1, 2, or 3 months) and breastfeeding exclusively on at least two of those four occasions. 2. Children of bottle-feeding mothers who smoked.
Smoking was defined as in group 1. Bottle-feeding included very short-term breastfeeding mothers (< 1 month of exclusive breastfeeding and having completely stopped breastfeeding at month 2). 3. Children of long-term breastfeeding mothers who did not smoke, where breastfeeding is defined as in Of the 1,823 children for whom body weight was available from the 12-month visit, 117 were in group 1; 270 in group 2; 572 in group 3; and 535 in group 4; 329 infants fell outside these groups because they had been breastfed too long for inclusion in groups 2 or 3, but breastfed too short a time for inclusion in groups 1 or 4.
In the multivariate longitudinal analysis, another subpopulation was used; in this analysis, we used standard deviation (SD) scores according to the 1980 national growth references (6) for weight, length, and head circumference. Because the 1980 growth tables are for singleton children of Dutch origin with a birth weight >2,500 g, we excluded twins (n = 65), children with one or both parents from other countries (n = 226), children who weighed <2,500 g at birth (w = 127), and children with missing data on the variables (n = 73, either due to total nonparticipation (n = 59) or to missing information on parental country of origin (n = 14)). Moreover, as we looked at change between two measurements, we had to exclude 90 children of the remaining 1,716 children for whom no measurements were available from two consecutive occasions. Therefore, in this part of the study, data from 1,658 children were used.
Statistical analysis
As mentioned above, we analyzed the data from the SMOCC study in two ways: to be as similar as possible to the analyses presented by Little et al. (1) , and using the GEE method (6) .
In the first approach, we defined four subgroups, three of which were similar to the three groups used in their study. Using the same method as Little et al. (1), we estimated weight, length, and head circumference at the expected date of birth from birth weight, length at birth, and head circumference at birth, and gestational age. Similarly, we estimated weight, length, and head circumference at one year after the expected date of birth from weight, length, and head circumference at the 12-month visit, gestational age at birth, exact age of the child at the 12-month visit, and growth between the 9-month and 12-month visit. The corresponding body mass index was calculated as weight (kg)/height (m) 2 , and ponderal index was calculated as weight (g) X 100/height (cm) 3 . When the parent reported that the child received both breast milk and another type of milk feeding, there was no information available on the exact amounts. Therefore, we arbitrarily assumed that both were given in equal amounts and estimated the amount of tobacco by-products exposure through breast milk in the first 3 months of life as the number of months the child exclusively received breast milk times the number of cigarettes smoked by the daily carer (mother) in this period, plus 0.5 times the number of months the child was partially breastfed times the number of cigarettes smoked.
Second, we applied longitudinal regression analysis, because we could make better use of all of our data that way. This analysis focused on gain in weight, length, and head circumference during the entire first year of life. The dependent variable in this model is the change (in either weight, length, or head circumference) between two consecutive times of measurement. The independent variables in the regression model are variables that apply to the same interval between two consecutive times of measurement. If no data are missing, the data of one child cover five such intervals, and thus the child contributes five "data points" to the regression. Because measurements from a single child are mutually related, these five data points can not be considered to be independent of each other. A statistical model is needed that incorporates the dependency between the measurements. The GEE method (6) is a method to fit such models, and this has the advantage over some other methods that it accommodates missing data points (unbalanced designs), and allows the user to specify the type of dependency. The coefficients of the model can be interpreted as those from an ordinary regression analysis. We fitted the model using SPIDA (8) . In this paper, we present results from a model in which the following correlation structure was specified: each observation on an infant is only correlated to the previous observation on this infant and the correlation coefficient is constant in time (in SPIDA terms: 1-dependent). Such a correlation structure fitted our data well, and the results were similar to models with more complex correlation structures.
The dependent variable used was not change in weight, length, and head circumference directly, but the change in the standard deviation (SD) scores according to the 1980 national growth references (6) for weight, length, and head circumference. We chose to use SD scores in order to transform the growth curve into a straight line. It also made it unnecessary to correct for differences in sex and in age at the time of measurement. For each sex, the differences in SD scores at each age are directly proportional to the differences in weight, length, or head circumference.
For attained length and head circumference, the SD scores are calculated directly from the means and the standard deviations of the reference tables, after which these were linearly interpolated to proper age. For attained weight, which is not normally distributed, percentiles are computed as the heights of a smooth surface fitted to the cumulative weight distribution conditional on age. SD scores were derived from these by a probit transformation (see reference 7 for more detail). The 1980 growth tables start at an age of 3 weeks, so SD scores for birth weight, length at birth, and head circumference at birth could not be calculated. These data are therefore excluded from the analysis. For each child, we calculated for each interval between two consecutive measurements: the amount of breastfeeding in the interval (because no information was available on the volume of each type of milk feeding received, we arbitrarily coded this as: 0 = none; 0.5 = partly; 1 = exclusively); and exposure to passive smoking in the interval (we assumed that the child would usually be more exposed to smoking by the daily carer than to smoking by other persons in the household; because no information was available on the amount smoked by other persons in the household, we arbitrarily coded the exposure to smoke (through inhalation) as: 0 = no exposure; 1 = exposure only by a person not doing most of the daily care; 2 = exposure by the person doing most of the daily care only; 3 = exposure both by the person doing most of the daily care and another person); exposure to tobacco by-products through breast milk in the interval (number of cigarettes smoked daily times amount of breastfeeding as defined above). To test the hypothesis that increased growth of children breastfed by mothers who smoke is due to nicotine withdrawal, we also included a variable representing withdrawal: a variable Am J Epidemiol Vol. 147, No. 2, 1998 equal to the exposure to tobacco by-products through breast milk (calculated as above) in the last interval before the mother stopped breastfeeding. To prevent confounding by effects of stopping breastfeeding per se, we also included an indicator on whether breastfeeding of the child had been stopped. Both variables are zero in intervals where the child is still being breastfed, and for children that have never been breastfed. We further included in the model the SD score at the beginning of the interval, a series of dummy variables that indicated which visit (around 2, 3, 6,9, or 12 months) formed the end of the interval, and the number of cigarettes smoked during pregnancy. Because including the SD score at the beginning of the interval biases the results when correlated to the variables of interest (9), we repeated the analyses excluding this variable. This yielded the same picture as the analyses including this variable. In preliminary analyses, we also included variables known to be important for growth from previous analyses (3): birth weight, height of mother and father, parity of the mother, gestational age at birth, and education of the mother. Because none of these variables changed the results regarding breastfeeding and smoking, we did not include them in the model presented here. Tables 1-3 describe the characteristics of all children who participated in the SMOCC study at one year of age, and of the four subgroups (long-term breastfeeding smokers, bottle-feeding smokers, long-term breastfeeding nonsmokers, and bottle-feeding nonsmokers). As with the population in the study by Little et al. (1) , the group of long-term breastfeeding mothers who did not smoke was the oldest, best educated, and financially probably the best off (judging by the proportion of mothers with private health insurance), and the group of bottle-feeding mothers who smoked was the youngest, least well educated, and least wealthy of the four groups. However, the differences in the age distribution of the mothers who smoked and who did not smoke were less pronounced in our population, partly because teenage mothers were scarce in all subgroups. Compared with the population of Little et al., the mothers who smoked in our study smoked slightly less cigarettes per day, and drank less alcohol during pregnancy. Use of illegal drugs was considerably lower in our population: only two out of 2,058 mothers visited at home shortly after birth reported use of any illegal drug or marijuana/hashish during preg- nancy (one of whom stopped visiting the child health clinic after month 2 and whose child thus is not included in the 1,823 children included in tables 1-6), while in the study of Little et al. (1), 22 percent used marijuana and 4 percent used cocaine during pregnancy. Table 4 shows the size of the infants in the four subgroups, adjusted for gestational age and chronological age at measurement. Differences in weight, length, and head circumference were mainly seen between newborns of smokers and nonsmokers. In the entire population, newborns whose mothers smoked during pregnancy had highly statistically significant lower birth weight, length at birth, and head circumference at birth than those whose mothers did not smoke during pregnancy (results not shown). Ponderal index at birth, however, did not differ between the groups. When the data were stratified by maternal smoking during pregnancy (table 5), these differences were no longer visible within each separate stratum, but this may also be due to the small number of mothers whose smoking habits differed during pregnancy and the first 3 months postpartum. At 12 months of age, there were no statistically significant differences between the four groups in table 4; neither were there any differences by maternal smoking during pregnancy. Statistically significant differences in growth were seen only between children of bottlefeeding mothers who smoked and breastfeeding mothers who did not smoke, and, for head circumference only, between children of bottle-feeding mothers who smoked and bottle-feeding mothers who did not smoke (table 4); the gain in weight, length, and head circumference of children of mothers who smoked during pregnancy was statistically significantly higher than that of children of mothers who did not smoke during pregnancy (results not shown). Table 6 shows infant size by the estimated amount of tobacco by-products received in breast milk during the first 3 months of life. We present these data both for the 768 children in the first three groups of table 4 (comparable with the data presented by Little et al.) and for all 1,799 children from our study population with sufficient data for this analysis. No clear doseeffect relations were seen in either population. two consecutive visits to the child health clinic. This analysis primarily shows that children who were breastfed during the interval grow less than those who were not. More detailed analyses showed that the negative effect of breastfeeding on growth is only present after the first 2 months of life. Smoking during pregnancy increases postnatal growth in weight and head circumference. When smoking during pregnancy is not included in the analysis, the variable most correlated with smoking during pregnancy, amount of passive smoking, reflects this effect. The amount of tobacco by-products received in breast milk does not have a statistically significant effect. Moreover, in all models, its effect is to decrease growth, thus more strongly refuting the finding of Little et al. (1) . The indicator for having been exposed to tobacco byproducts through breast milk in previous intervals, but not in the interval itself, did not yield a statistically significant contribution to the model either. In addition, this coefficient is mostly negative, thus indicating that increased growth after withdrawal of exposure to tobacco by-products through breast milk is not very likely.
RESULTS
DISCUSSION
Our data failed to confirm the finding of Little et al.
(1) that children who are breastfed by mothers who smoke gain more weight in their first year of life than do other children. On the other hand, the present study does show that long-term breastfeeding is associated with slower growth, while smoking during pregnancy is associated with smaller newborns, who after birth show some "catch-up" growth. No effects on growth of exposure to tobacco smoke after pregnancy were observed: neither effects of exposure to smoke of smokers in the household, nor a direct effect of exposure to tobacco by-products through breast milk, nor a late effect on growth after withdrawal of the exposure to tobacco by-products through breast milk.
How can we explain the different findings in the present study and those of Little et al. (1)? As the numbers of subjects in both studies are not extensive, chance could of course be an explanation. On the other hand, we would also like to stress that the populations used are rather different. We used a population selected for representativeness of the general population, while Little et al. used an urban population selected for a particular study on alcohol exposure through breastfeeding. From over 4,000 potential participants, they preferentially sampled mothers with a high alcohol consumption. Possibly because of this, the smokers in their study smoked more than those in our study, and use of illegal drugs was very high: 22 percent used marijuana during pregnancy and 4 percent used co- caine, while in our study only two out of 2,058 mothers reported use of any illegal drug or marijuana/ hashish during pregnancy. Although some underreporting may have occurred, we think rates approaching those quoted above are extremely unlikely in our population. Other differences between the study populations mainly reflect known differences between the United States and the Netherlands (e.g., a higher number of years of schooling and higher rates of elective abortions in the United States; and a greater adult body height, a higher average age of having children, and less teenage pregnancies in the Netherlands) and are probably less relevant. The question is whether the differences between the populations can explain the contradictory results of the two studies. The much higher use of alcohol and other drugs during pregnancy in the Seattle study might have slowed fetal growth, and subsequently led to more catch-up growth. This can explain differences in postnatal growth between the two study populations as a whole: the infants in the study of Little et al. attained a 2 cm greater length by one year of age than the infants in our study, despite being shorter at birth. Little et al. showed that the differences in alcohol and drug use between the subgroups did not explain the differences in growth between those subgroups. Therefore one will have to assume effect modification (exposure to tobacco by-products in breast milk enhances growth only in alcohoVdrug users) in order to let these differences explain the differences between the two studies. At the moment, however, such an effect modification is only a hypothesis.
Differences between the feeding/smoking groups in potentially confounding factors were rather similar in both studies. The long-term breastfeeding mothers who did not smoke had the highest socioeconomic status and best health-related behavior and the bottlefeeding mothers who smoked had the lowest socioeconomic status and health-related behavior. However, in both studies, multivariate analyses did not show different results when adjusting for these factors. It is unlikely, therefore, that these differences explain the results.
Variances in duration of nursing, however, could contribute to the differences in results. Duration of nursing of the mothers who smoked in the study of Little et al. was 1.4 month less than that of the mothers who did not smoke. In our study, the difference is smaller (0.5 month). Because prolonged breastfeeding is associated with lower weight gain, this is a potential explanation for the differences in results. However, from our data, we crudely estimated that weaning an infant one month earlier in the 6th-9th months is associated with a weight gain on the order of 35 to 70 g. This difference is not enough to explain the much larger difference seen in the study of Little et al. between the growth of breastfeeding mothers who did and did not smoke (400 g).
In our study, some children could not be included in the analysis due to missing data. This problem was relatively small in the GEE analysis. Of the 1,789 children who did not explicitly meet the exclusion criteria (non-Dutch origin, twins, and birth weight Am J Epidemiol Vol. 147, No. 2, 1998 <2,500 g), only 7.3 percent were not included in the analysis (3.3 percent because of total nonparticipation; 0.8 percent because of missing information on the country of parental origin, and 3.2 percent because of insufficient follow-up data). It is unlikely that this rather small loss to follow-up would have caused major bias in the results.
Finally, the studies might differ in the definition of the groups. In our study, the majority of mothers in the bottle-feeding group did not attempt to breastfeed, while in the study of Little et al. this seems to have been a much smaller group (7). However, we repeated the analyses excluding mothers who did not nurse at all, and the results were basically the same.
In conclusion, we feel that the differences in results between the present study and that of Little et al. (1) are either due to chance or to the effect being restricted to groups with high use of alcohol and other drugs. The last possibility, however, needs confirmation from other studies. We tend to favor the hypothesis of chance. Little et al. studied multiple exposures (alcohol [regular and binge] drinking, and use of caffeine and marijuana), and the only statistically significant effect seems to have been that of smoking on weight gain. Moreover, a direct effect of exposure to tobacco by-products through breastfeeding lacks credibility, because smoking reduces breast milk volume (10, 11) and fat concentrations in breast milk (11) and thus a negative effect of smoking during lactation on growth would be sooner expected. A mechanism connected to withdrawal effects seems more plausible. However, we did not find any evidence for such an effect.
Apart from contradicting the findings of Little et al., our results seem to be well in line with previous results on growth, smoking, and breastfeeding. Both the catch-up growth of children who have been exposed intrauterine to tobacco by-products (12, 13) and the growth-reducing effect of prolonged breastfeeding (14-18) have been described before. Gaining more weight is often perceived as a sign of better health in infants. However, one could question whether this is still the case in an affluent society. For example, a recent study (19) found that early weight gain is a risk factor for childhood diabetes mellitus. So whether the finding that prolonged breastfeeding reduces growth is relevant for public health in a well-nourished population is disputable.
